Most of the international trade in Korea is made by sea transportation using ships, and maritime accidents are not only harmful to people but also lead to negative ripple effects in terms of national competitiveness. However, there are not many theoretical studies on the risk of maritime accidents in Korea, and in particular, there is no criteria for assessing the risk of marine accidents. Therefore, in this study, we propose risk matrix using frequency and fatality to evaluate the risk by nine accident types using the ship accident data of the past 10 years. As a result of the analysis, it was found that the collision was the most dangerous both in frequency and fatality, and capsizing, sinking, death·injury were found to be relatively low in frequency but high in fatality. Fire explosion, stranding, and touching were found to be relatively low compared to other types of accidents, while engine failure and miscellaneous types were low in fatality but high in frequency. Risk assessment based on these evaluation criteria will help decision makers establish and implement effective and practical accident mitigation measures for each type of accident.
Introduction
99% of Korea's foreign trade cargoes are made by sea transportation through port, and maritime accidents are less frequent than other industrial accidents. However, when an accident occurs, it does not only result in human and physical damage, but also often lead to negative consequences towards weakening national competitiveness. In 2016, there were 3,121 maritime accidents in Korea. Of these, 2,097 fishing vessels accounted for about 67% of all accidents and 596 non-fishing vessels were about 19% of them. This is an increase of 4% from 2,998 cases in 2015, and maritime accidents keep occurring every year. The number of death also increased from 395 in 2015 to 411 in 2016. The government establishes various accident mitigation measures to reduce the number of maritime accidents and fatality. However, in order for the measures to be effective, a risk analysis of accidents must be performed first based on which, appropriate measures for the type of accident should be established.
Currently, there are not many studies on the risk assessment of maritime accidents in Korea. In particular, there is no risk criteria to evaluate the risk. Therefore, in this study, we calculate risk level of 9 different types of accidents and evaluate the risk using the maritime accident data for the past 10 years. In this context, we compare the risk level of each accident against the risk matrix consisting of two factors for accident risk estimation, frequency and fatality. The result will be helpful for the decision makers to establish appropriate accident mitigation measures in the future. The remainder of the study is following. Section 2 summarizes previous studies on the risk analysis of maritime accidents, and section 3 analyzes and evaluates the risk by accident type using the data from the Korea Maritime Safety Tribunal(KMST). Section 4 discusses limitations and future directions of research.
Literature Review
Ronza et al. [1] estimated the frequency of port accidents in the 1900s and calculated the risk using event tree diagram. Kim et al. [2] assessed the risk of fishing vessel accidents and selected the major factors to reduce occurrence of collision. The Ministry of Oceans and Fisheries [3] in the Maritime Safety Implementation Plan set up measures to reduce maritime accidents and fatality by 30% each. Chlomoudis et al. [4] conducted a risk analysis of terminal accidents in Greek ports and performed cost-benefit analysis to choose the most effective risk mitigation measures. Kim and Kwak [5] conducted a risk analysis on container vessel accidents and presented corresponding risk level using the FN curve criterion, and descrobed some mitigation measures to reduce the number of fatality. Kim and Kim [6] suggested a methodology for ship accidents in domestic ports and presented the resulting risk with FN curves. Akyildiz [7] described the procedure to apply the formal safety assessment(FSA) proposed by IMO to fishing vessel for risk calculation and introduced a risk matrix where each hazard was situated into a frequency and consequence category to evaluate the risk. Yip [8] investigated the port traffic risk in Hong Kong waters using the marine accidents data for 2001-2005 and showed that collisions are the most frequent accident when port traffic is heavy.
Vessel Accident Risk Analysis and Risk Assessment Using Risk Matrix

Risk Analysis by Accident Type
The risk of an accident is expressed by a combination of the probability of occurrence (frequency) and the number of fatality(consequence) of an accident, and is generally expressed as a function of the frequency and consequence in the formula below.
where R = risk of an accident, P = frequency of the accident (probability), and C = consequence of an accident (loss of life, environmental damage, economic damage, etc.). Frequency is defined as the ratio of the number of accidents of each type to the total number of accidents of all types and consequence is the fatality including injured and missing people from vessel accidents. The injured and missing people were converted to the number of fatality by conversion coefficient from the Kim (2013); death(1.00), injury(0.043), missing(0.996). In this study, we used past 10 years of accident data from the Korea Maritime Safety Tribunal(KMST) and classified accident type into 9 types (collision, touching, stranding, capsizing, fire · explosion, sinking, engine failure, death · injury, and etc.). With the formula (1), the risk level of each accident type is calculated and the risk level by accident type is shown in [Fig. 1 ] -[ Fig. 3 ] below. In order to calculate the risk level of maritime accidents, the types of vessels were classified and analyzed for fishing vessel and non-fishing vessel, respectively and the overall vessel risk level was calculated considering both vessel types. As shown in [ Fig. 1] , the collision and the death · injury were higher than the average risk level of 1.00, and the risk level was higher in the order of fire · explosion, sinking and capsizing. Also, in the risk level of the non-fishing vessel accident, the collision was higher than the average risk level of 0.65, followed by death · injury, sinking, and capsizing.
On the other hand, in the case of overall risk of all vessel in [ Fig. 3 ], the collision and death · injury were higher than the average risk of 1.73, and the risk was higher in the order of capsizing, sinking and fire · explosion. However, risk level above([ Fig. 1] -[Fig. 3 ]) reveals only the risk ranking by accident type, and it is difficult to identify the frequency and the consequence of accidents. 
Risk Level by Accident Type
Risk Assessment by Risk Matrix
In this section, we assess the risk by type (see [ Fig. 7 ] -[ Fig. 9 ]) against the risk matrix that can easily identify the types of risks. We use the frequency and the consequence of an accident to establish the risk matrix. As shown in the figures below, the X-axis shows the frequency of an accident(P) and the Y-axis shows the consequence of an accident(C). The bold horizontal line represents the average of the C, and the bold vertical line represents the average of the P of accident types. Based on these two lines, the risk matrix is divided into four regions. The first quadrant in the upper right-hand side is the area where the risk of accidents is high, i.e, the frequency and the number of fatality of a given accident is higher than the average. The second quadrant of the upper left shows the area where the frequency is low, but the number of fatality is high. In the third quadrant of the lower left side, the frequency and the number of fatality of an accident are low, so it is a relatively low risk area. Finally, in the fourth quadrant of the lower right, the frequency is high, but the number of fatality is relatively low.
For example, in the risk matrix of a fishing vessel accident, the frequency and consequence of each type of accident are plotted as in [ Fig. 7 ]. It is possible to make a relative comparison of the risks by accident type. Collision is in the first quadrant showing the highest risk in all types of vessels, such as fishing vessel, non-fishing vessel, and all vessel. In the case of non-fishing vessel, the frequency of collision is relatively higher than the other vessel type (fishing vessel, all vessel), but the number of fatality is low. This indicates that a collision belongs to the highest risk area in all three type of vessel accidents, but the cause of an accident may be different from type to type.
In the second quadrant, it can be seen that death · injury and capsizing are included in all three type of vessel accident. First, in the case of death · injury, the number of fatality is higher than the average value in fishing vessel and all vessel, whereas the number of fatality in non-fishing vessel is not much different from the average. In the case of capsizing, as the number of fatality is higher than the average for non-fishing vessel and all vessel, the risk level is high. In the case of fishing vessel, the number of fatality of an accident is slightly
Conclusion
In the international trade, the importance of sea transportation is growing, and the volume of goods transported by ship continues to increase. However, since maritime accidents have a negative effect on human and material damage as well as the national economy, many countries make great efforts to reduce maritime accidents. Korea has also prepared various measures to reduce maritime accidents by 30% in 2017. However, in order to apply these mitigation measures, an accurate risk analysis should be carried out first, and appropriate mitigation measures should be established for different types of accident. Since there is no risk assessment criteria in Korea, in this study, the risk of each accident type is calculated based on the accident data of the past 10 years and it is indicated in the risk matrix. Therefore, using the results of this study, it is possible to easily analyze the characteristics of frequency, and consequence of an accident for each type of accident and vessel, and to establish proper accident reduction measures according to various causes of accident.
The risk matrix used in this study is calculated based on 10 years of ship accident data. However, more accurate risk criteria should be set for future studies. Also, research needs to be improved to reduce the uncertainty inherited in risk calculation.
